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REMARKS 



Claims 1-8 are pending in the above-identified application and stand ready for further 
action on the merits. 

Interview with Examiner 

Applicants appreciate the Examiner's courtesy in holding a personal interview on June 29, 
2005 with Applicants' representative, John W. Bailey. The Examiner's statement in the hiterview 
Summary correctly sets forth the subject matter discussed in the interview. 

Claim Rejections Under 35 USC § 103 

Claims 1-8 have been rejected under 35 USC § 103(a) as being unpatentable over Fujioka et 
al. US '547 (US 5,851,547) in combination with Hudson et al. EP '410 (EP 0009410 A2). 
Reconsideration and withdraw of this rejection is respectfully requested based on the following 
considerations. 



must be some suggestion or motivation, either in the references themselves or in the knowledge 



Lesal Standard for Determinins: Prima Facie Obviousness 



To establish a prima facie case of obviousness, three basic criteria must be met. First, there 




m 



generally available to one of ordinary skill in the art, to modify the reference or to combine reference 




teachings. Second, there must be a reasonable expectation of success. Finally, the prior art reference 



(or references when combined) must teach or suggest all the claim limitations. 
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The teaching or suggestion to make the claimed combination and the reasonable expectation 
of success must both be found in the prior art, not in applicant's disclosure. In re Vaeck, 947 F.2d 
488, 20USPQ2d 1438 (Fed. Cir. 1991). 

"There are three possible sources for a motivation to combine references: the nature of the 
problem to be solved, the teachings of the prior art, and the knowledge of persons of ordinary skill in 
the art." In re RoujfeU 149 F.3d 1350, 1357, 47 USPQ2d 1453, 1457-58 (Fed. Cir. 1998) (The 
combination of the references taught every element of the claimed invention, however without a 
motivation to combine, a rejection based on a prima facie case of obvious was held improper.). The 
level of skill in the art cannot be relied upon to provide the suggestion to combine references. Al-Site 
Corp. V, VSIInt'lInc, 174F.3d 1308, 50USPQ2d 1161 (Fed. Cir. 1999). 

"In determining the propriety of the Patent Office case for obviousness in the first instance, it 
is necessary to ascertain whether or not the reference teachings would appear to be sufficient for one 
of ordinary skill in the relevant art having the reference before him to make the proposed 
substitution, combination, or other modification." In reLinter, 458 F.2d 1013, 1016, 173 USPQ 560, 
562 (CCPA 1972). 

Obviousness can only be established by combining or modifying the teachings of the prior art 
to produce the claimed invention where there is some teaching, suggestion, or motivation to do so 
found either explicitly or impHcitly in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art. "The test for an impHcit showing is what the combined 
teachings, knowledge of one of ordinary skill in the art, and the nature of the problem to be solved as 
a whole would have suggested to those of ordinary skill in the art." In re Kotzab, 111 F.3d 1365, 
1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See also In re Lee, 211 F.3d 1338, 1342-44, 61 
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USPQ2d 1430, 1433-34 (Fed. Cir. 2002); In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 
1992). 



The Present Invention and Its Advantages 

The present invention provides for controlled release preparations having multi-layer 
structures. The preparations more particularly relate to controlled drug-release formulations having 
multi-layer structures, wherein one or more drugs can separately be released with a different 
behavior in v/vo, for the purpose of effectively exhibiting the efficacy thereof. 

In the present specification, experiments are carried out and reported between preparations of 
the present invention and comparative preparations. As seen upon reviewing experiments 1-4 at 
pages 20-2 1 of the specification, and Figures 2-5 referred to therein, the Examiner can easily see that 
the compositions of the present invention possess advantageous properties, and allow one to easily 
release one or more drugs separately with different behaviors in vivo. 

Distinctions over the Cited Art 

The following distinctions over the cited art of Fujioka et al. US '547 in combination with 
Hudson et al. EP '410 are divided into two sections, which are titled "(I)- Newly Presented 
Comments" and "(II). Previously Presented Comments". 

The following section titled "Previously Presented Comments" contains comments taken 
from the Applicants prior reply of February 4, 2004. This has been done since the outstanding Office 
Action sets forth basically an identical rejection to that previously responded to in the February 4, 
2004 reply. As such, these comments from the earlier reply are also pertinent to the current rejection. 
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(I). Newly Presented Comments 

The formulation of Fujioka et al. contains a "water-soluble drug" in an inner layer (claim 1, 
paragraph (a)). The release mechanism of a water soluble drug dispersed in a hydrophobic polymer 
is based on "channeling and cracking phenomenon" (column 1, lines 47-56, and column 8, lines 
6 1 -64). In the Fujioka et al formulation, only an end(s) of the inner layer comes into contact with the 
external environment, and as a result only a limited region is initially subject to channeling (Column 

9, lines 1-6). hi addition, the outer layer, due to its characteristic functional design, is able to exercise 
suitable control of inner layer cracking (column 9, lines 6-8). The outer layer can control water 
infiltration of inner layer (column 5, lines 10-11) through control swelling thereof (column 5, lines 
16-19). Also, the outer layer is essential to prevent a very rapid initial release of the drug (column 

10, lines 9-12). Through these means, the formulation of Fujioka et al. is able to exercise suitable 
control of water infiltration into the inner layer and is thereby able to achieve long-term zero-order 
release (column 9, lines 8-11). 

On the other hand, the formulation of Hudson et al. contains estradiol in a coating of the inert 
core (claim 1, paragraph (b), page 4, lines 1-2 and 18-19). Constant release of estradiol is achieved 
by diffusion thereof through the coating to the surface (page 4, lines 2-4 and 22-24). The inert core 
does not participate in the control of drug release, but only serves as a base to provide a size and 
shape of the implant placed under the skin of the ruminant animal (page 3, lines 19-20). According 
to Martindale 29^^ Ed. (page 1407, right column, 9083-y, "Oestradiol"), estradiol is "practically 
insoluble in water". Further, Ferguson et al. {Journal of Controlled Release, 8 (1988), 45-54) 
discusses a commercial product of the Hudson formulation and describes that estradiol is dispersed 
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as discrete crystals or solid particles in the matrix (page 45, right column, the section of "Theory", 
and Figure 1 on page 46). Ferguson et al. also indicate that estradiol is released by diffusion, not by 
dissolution, and that the diffusional process occurs through the matrix itself, not through pores or 
channels within the matrix (page 45, right column, the bottom line and page 46, left column). Li 
view of the teachings of Martindale 29^*^ Ed. and Ferguson et al., noted above, it is clear that constant 
release of the drug in the Hudson et al. formulation results from the property of estradiol being 
practically insoluble in water and that it diffuses through the polydimethylsiloxane silicone rubber , 
and not from the core-coating structure of the formulation. 

Thus the formulation of Fujioka et al. and Hudson et al. are completely different in their 
technical solutions to achieve constant release of their drug. Therefore, those skilled in the art would 
not be motivated to apply the technical solution of Hudson et al. to the formulation of Fujioka et al, 
although the Examiner in contradiction asserts that the it is neither novel nor nonobvious to place a 
drug in the outer layer of a coated drug formulation (page 2, lines 16-18 of the office action). 

The Examiner also refers to the description of column 10, lines 9-12 of Fujioka et al. and 
states that it would be reasonable to provide a formulation wherein a drug is placed in the outer layer 
as taught by Hudson et al. when there is a desire to provide a very rapid release (page 2, lines 18-20 
of the Office Action). However, Fujioka et al. relate to "a drug delivery formulation which releases a 
water-soluble drug intracorporeally over a prolonged period of time at a nearly constant rate " 
(column 3, lines 61-64), and teach the solution to prevent a very rapid release (column 10, lines 9- 
12). Thus, Fujioka et al. teach away providing such a very rapid initial release, and the Examiner's 
contrary perspective of the description in column 10, lines 9-12 cannot be derived or obtained 
without knowledge of the present invention. 
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The Examiner further recites specific drugs such as insuHn, antibiotics and anti-inflammatory 
agents as requiring an immediate initial dose followed by a sustained release (page 2, bottom line 
and page 3, line 2 of the Office Action). However, Fujioka et al. only provide the technical solution 
to release of a drug at a nearly constant rate (column 3, lines 61-64). Thus, Fujioka et al. teach away 
from the release of drugs at an immediate initial dose, which serves to show that the outstanding 
rejection is based in part on an impermissible level of hindsight reconstruction on the Examiner's 
part. 

Accordingly, the present invention cannot be derived from the teachings of the cited art, 
without knowledge of the present invention as claimed. 

(II). Previously Presented Comments 

The structure of the formulation disclosed in Fujioka et al. and Hudson et al. are as 
schematically shown below, respectively. Hudson et al. teaches a cylindrical implantable 
formulation comprising estradiol as a drug. However, estradiol is not a water-soluble drug but a 
lipophilic drug . Accordingly, the combination of Fujioka et al. and Hudson et al. might motivate one 
skilled in the art to prepare an implantable preparation wherein a lipophilic drug is comprised in the 
outermost layer. However, the preparation as instantly claimed wherein the outermost layer 
comprises a water-soluble drug was not obvious at the time the invention was made. 
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Furthermore, Fujioka et al. teaches that a channeling phenomenon participates in the release 
process for water-soluble drugs from hydrophobic polymer carriers. Here, the drug present in the 
vicinity of the surface of the formulation first dissolves in the ambient water (see col. 1, lines 47-56 
of Fujioka et al.; and also see page 59, right column, lines 13-31 of Journal of Controlled Release 66 
(2000), 49-6 1). Thus, long-term zero-order release of the water-soluble drug from the formulation of 
Fujioka is achieved by such process as schematically shown below. On the other hand, in the 
preparation of Hudson, estradiol diffuses through dimethylpolysiloxane silicone rubber to the surface 
where it is released into the animal tissue, as schematically shown below (see page 4, lines 1-4 of 
Hudson et al.). 
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Thus, when estradiol is used in the formulation of Fujioka et al., one of ordinary skill in the 
art would anticipate that estradiol diffuses through dimethylpolysiloxane rubber, such as Dow 
Coming® MDX 4-4210, to the surface, whichever it is comprised in an inner layer or the outermost 
layer. Such diffusion of estradiol through dimethylpolysiloxane rubber would not provide zero-order 
release since estradiol released from the formulation was decreased over time, as shown in the table 
disclosed in Hudson (page 8). Therefore, the teaching of Hudson would not motivate one of 
ordinary skill in the art to apply estradiol to the formulation of Fujioka, in order to provide a multiple 
drug delivery system that achieves a zero-order release profile over an extended period of time. 
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CONCLUSION 



Accordingly, based upon the above considerations, the Examiner is respectfully requested to 
reconsider the outstanding rejection under 35 USC § 103 and to issue a Notice of Allowance clearly 
indicating the patentability of each of pending claims 1-8. 

Should there be any outstanding matters that need to be resolved in the present application, 
the Examiner is respectfully requested to contact John W. Bailey (Reg. No. 32,881) at the telephone 
number below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies, to 
charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of time fees. 



JUL 6 2005 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 747 
Falls Church, VA 22040-0747 
(703) 205-8000 



JWB/emn 
0020-4771P 



Enclosures: 



E.F. Reynolds, MARTINDALE, The Extra Pharmacopoeia, 29"* Ed., page 
1407(1989); and 

T.H. Ferguson et al., Journal of Controlled Release, 8, pages 45-54 (1988). 
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-flhd other menstrual disorders, it is given m a 
losage of 5 to 10 nng daily usually from the 5th 
to the 24th day of the cycle; 20 to 30 mg may be 
Luired for the initial control of bleedmg. In the 
treatment of endometriosis the usual initial dose 
V5 to 10 mg daily increased to 20 mg daily and 
• -maintained for at least 6 to 9 months. Doses of 
' \§b' tP may be given to control break- 

\1lli^pug^ bleeding, 
proprietary Names and Manufacturers 

following names have been used for multi-ingredient 
nrcpafations containing norethynodrel— Conovid (Searle. 
' IJKY Conovid-E {Searle, Austral.\ Searle. S.Afr.\ Searle, 
./ r/rj-^ Elan (Valeas. Ital.)\ Enavid {Searle. Neth.\ Searle. 
c'wjf)- Enavid-E {Searle. Arg.; Searle, Neth.; Searle, UK)', 
M^iA Smg {Searle, USA); Enovid-E {Searle, Canad.; 
\0arle VSA)\ Kontrazcptivum 63-ratiopharm {Rati- 
'- Wiarm. Ger,); Novinol {Desbergers. Canad.)\ Ovanon 
t/i Spain); Ovulcn Novum {Vita. Spain). 

.(Kbrgestimate {BAN, VSAN. rfNN), 

i'D^138; Dexnorgestrel Acetimc; ORF-10131. 13/3- 

.>jEtliyl-3Thydroxyimino- 1 8, 1 9-dinor- 1 7a-pregn-4-en-20- 

sinil75-yl acetate. 

^bSH3iN03 = 369.5. 

r^CAS — 35189-28-7. 

..fjorgwtimate is a progestogen with actions and uses 
•Umilar to those described for the progestogens in gene- 
fjalKsce P.1386). 

V Proprietary Names and Manufacturers 

JOfiho Pharmaceutical, USA. 
The following names have been used for multi-ingredient 
' preparations containing norgcstimate — Cilest (Cilag, 
^\Ger.). , 

l^i* 

'l iNoirgestrel (BAN,. VSAN. rlNN). 

■ ^(//-Norgcstrel; DL-Norgestrel; Wy-3707. (±)- 

^^r JWrEthyl- 1 7)3-hydroxy- 1 8 , 1 9-dinor- 1 7o;-pregn-4- 

/.^{t^lO-yn-a-one. 

WM§ — 6533-00-2. 

i^^Wiarmacopoeias. In Chin., Nord., and US. 
g(fA^hite or practically white, practically odourless 
^'fcrystalline powder. Practically insoluble in water; 
?'*'Jsparirigly soluble in alcohol; freely soluble in 



^„ [chlbroform. 
"l^illvonorgestrel {BAN. USAN, rlNN). 

^te^orgestrel; Wy-5104. The (-)-isomer of 

^norgestrel, 

'^^AS~ 797-63-7. 

liNgTE. The name Dexnorgestrel has been used. 
^^^arniacopoeias. In Br., Nord.. and US. 
!^^^ white or almost white, odourless or almost 
(^burless, crystalline powder. Practically insoluble 
(ihl'water; slightly soluble in alcohol, acetone, and 
V tether; soluble 1 in 45 of chloroform. Store at a 
'■'.i temperature not exceeding 15**. Protect from 

la^ht:-- ■ 

Adverse Effects and Precautions 

'; .'5y*f6r the progestogens in general, p. 1386. 
v=See also under hormonal contraceptives, p.l387. 

LEFFECTS ON THE SKIN. A sudden onset of moderate to 
* tjcvcre papulopustular acne was noted in about 20 
, :%ti(5nts taking norgestrel in an oral contraceptive prc- 
j.j^iratiori, and was considered to be due to norgestrel 
si itiing" an androgen-dominant progestogen. — R- K. 

|j\V^ward, Archs Derm.. 1974, UO. 812. 
jt iPREGNANCY AND THE NEONATE. Effects on the foetus. A 
|>j23-y ear-old woman who had taken norgestrel and 
f vpinyloestradiol for the first 3 months of pregnancy 
'gave birth to an infant with a tracheo-oesophageal 
-^jtWular— O. Frost. Br. med. J.. 1976. 2. 978. 
J -j^^P^^fable hepatoblastoma in a 7-month-old male infant 
1, -nitght have been associated with ingestion of norgestrel 
P?O Mg daily by the mother during the first 3 months of 
'^^;prcgnancy. — J. Ottcn et at. (letter). New Engl. J. 
tWed:.A977, 297, 222. 

^Absorption and Fate 
i j Morgestrel and levonorgestrel are absorbed from 
|ffie^ gastro-intestinal tract. Metabolites are 
"icxcreted in the urine and faeces as glucuronide 
j'Ind sulphate conjugates. 



PREGNANCY AND THE NEONATE. The Concentration of 
D-norgestrel in milk was about 15% of that in plasma; it 
could not be detected in the milk of women taking only 
30 Mg daily, — S. Nilsson et aL, Am. J. Obstet. Gynec. 
1977, 129. 178. 

Uses and Administration 

Norgestrel and levonorgestrel are progestogens 
with actions and uses similar to those described 
for the progestogens in general (see p. 1 386). 
They are more potent as inhibitors of ovulation 
than norethisterone and have androgenic activity. 
Levonorgestrel is the active isomer; norgestrel, 
the racemate, has therefore half the potency of 
levonorgestrel. 

They are both used as the progestogenic component 
of combined oral contraceptives and are also used 
as progestogen-only types of oral contraceptives (see 
p.1391). 

Either norgestrel or levonorgestrel are also used 
as the added progestogen to oestrogenic therapy 
in menopausal disorders. 
Preparations 

Levonorgestrel and Ethinyl Estradiol Tablets (U.S. P.). 
Tablets containing levonorgestrel and cthinyloestradiol. 
Norgestrel Tablets {U.S. P.) 

Norgestrel and Ethinyl E:stradiol Tablets JUS. P.). 
Tableu containing norgestrel and ethinytoestradiol. 

Proprietary Preparations 

Proprietary preparations containing norgestrel or levonor- 
gestrel are described under conjiigatcd ocstrogcns (p. 1409) 
and under ocstradiol valerate (p. 1408). 
Proprietary contraceptive preparations containing norge- 
strel or levonorgestrel are described under the section on 
hormonal contraceptives (p. 1392) 

Proprietary Names and Manufacturers of Norges- 
trel and Levonorgestrel 

FoUistrcl (Kabi. Swed.)\ Microlut {Schering. Austral.; Sch- 
ering. BelgA Schering. Ger.\ Schering. Ual.\ Switz)\ Micro- 
luton (Schering, Denm.\ Leiras. Fin.; Schering AG, Norw.; 
Swed.); Microval {Wyeth. Austral; Wyeth. Belg.; Wyeth, 
Denm.; Wyeth. Fin.; Wyeth-Byla. Fr.; Wyeth. S.Afr.; 
Wyeth. UK); Mikro-30 (Wyeth. Ger.); Neogest (Schering, 
UK); Norgeston (Schering. UK); Norplant (Leiras. Fin.; 
Leiras, Swed.); Pvrcttc (Wyeth. USA). 
The following names have been used for multi-ingredient 
preparations containing norgestrel and levonorgestrel — 
Adepal (Wye^h-Byla. Fr.); Binordiol (Wyeth, Belg.; Wyeth. 
Denm.; Wyeth, Fin.; Wyeth, ftal.; Wyeth. Neth.; Wyeth, 
Switz.); Biphasil {Wyeth. Austral; Wyeth, S.Afr.); Bivlar 
(Schering, Ital); Cyclo-Progynova (Schering, UK); 
Duoluton (Schering, Arg.; Schering, Austral); Ediwal 
(Schering, Ger.); Egogyn 30 (Schering. Ital); Eugynon 
(Schering. Arg.; Schering, Austral; Belg.\ Schering. Denm.; 
Schering. Ger.; Schering, Ital; Neth.; Schering. Norw.; 
Schering. S.Afr.; Schering. Spain; Schering. Switz.); 
Eugynon 30 (Schering. UK); Eugynon 50 (Schering. UK); 
Evanor-d (Wyeth, ftal); Evelea (Elea. Arg.); Fironetta 
(Schering. Denm.); Follimin (KabiVitrum. Norw.; Kabi, 
Swed.); Follinett (Kabi, Swed.); Gentrol (Wyeth. Denm.); 
Gynatrol (Wyeth. Denm.); Levlen (Berlex, USA); Logynon 
(Schering. UK); Logynon ED (Schering. S.Afr.; Schering, 
UK); Lo/Ovral (Wyeth. USA); Microgyn (Schering; 
Denm.); Microgynon {Schering. Arg.; Schering. Austral; 
Leiras. Fin.; Schering, Ger.; Schering, Ital; Schering. 
Norw.; Schering. Spain); Microgynon 30 (Schering. Belg.; 
Schering. Neth.; Schering. Switz.; Schering. UK); Micro- 
gynon 50 (Schering, Belg.; Schering. Neth.; Schering. 
Switz.); Microgynon ED (Schering. Austral); Minidril 
(Wyeth-Byla. Fr.); Min-Ovral (Wyeth. Canad.); 
Neogentrol (Wyeth. Denm.); Neo-Gentrol (Wyeth, Fin.); 
Neogynon (Schering. Arg.; Schering. Austral; Schering. 
Belg..; Schering. Denm.; Schering. Ger.; Schering. Neth.; 
Schering. Switz.); Neogynona (Schering. Spain); Neo-Pri- 
movlar (Leiras. Fin.); Neo-Stediril (Wyeth. Belg.; Wyeth. 
Ger.; Wyeth. Neth.; Wyeth. Switz.); Neovlar (Swed.); Neov- 
Ictia {Schering, Swed.); Nordette {Wyeth.- Arg.; Wyeth. 
Austral; Wyeth. S.Afr.; Wyeth. USA); Nordiol (Wyeth. 
Arg.; Wyeth. Austral; Wyeth. S.Afr.); Normovlar (Sch- 
ering. S.Afr.); Novogyn (Schering. Ital); Ovoplex (Orfi, 
Spain); Ovral (Wyeth. Arg.; Wyeth. Austral; Wyeth. 
Canad,; Wyeth. S.Afr.; Wyeth, USA); Ovran (Wyeth. UK); 
Ovran 30 (Wyeth. UK); Ovranct (Wyeth. Ital); Ovranette 
(Wyeth. UK); 

Perikursal (WyetKGer.); Prempak (Ayerst. UK); Prempak- 
C (Ayerst. UK); Primovlar (Swed.)\ Prolorfin (Orfi. Spain); 
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Regunon (Schering. Swed.); Schering PC4 (Schering. UK); 
Sekvilar (Leiras. Fin.); Scquilar (Schering. Austral; Sch- 
ering. Belg.; Schering. Ger.; Schering. Neth.; Schering, 
Switz.); Scquilarum (Schering; Denm.; Schering. Swed.); 
Stedtril (Wyeth. Belg.; Wyeth-Byla. Fr.; Wyeth. Ger.; 
Wyeth, Switz.); Stediril 30 {Wyeth. Belg.; Wyeth. Ger.; 
Wyeth. Neth.; Wyeth. Switz.); Stediril-d (Wyeth. Belg.; 
Wyeth, Ger; Wyeth. Neth.; Wyeth. Switz.); Tetragynon 
(Schering. Switz.); Triagynon (Schering. Spain); Trtciclor 
(Orfi. Spain); Tridestan (Gador. Arg.); Trigynon (Schering. 
Belg.; Schering. Ital; Schering. Neth.); Trikvilar (Uiras. 
Fin.); Tri- Levlen (Berlex. USA); Trinordiol (Wyeth. Arg.; 
Wyeth. Belg.; Wyeth. Denm.; Wyeth. Fin.; Wyeth-Byla. 
Fr.; Wyeth. Ger.; Wyeth. Ital; Wyeth. Neth.; KabiVitrum. 
Norw.; Kabi Swed.; Wyeth. Switz.; Wyeth. UK); Trionctta 
(Schering, Norw.; Schering, Swed.); Triphasit (Wyeth. Aus- 
tral; Wyeth. Canad.; Wyeth. S.Afr; Wyeth. USA); 
Triquilar {Schering. Arg,; Schering. Austral; Schering. 
Denm.; Schering. Ger; Schering. Switz.); Tristep (Asche. 
Ger). 

13032-c 

Norgestrienone {rINN). 

1 7^- Hydroxy- 1 9-nor- 1 7a-pregna-4,9, 1 1 -trien-20-yn-3- 
one. 

C2oH2202 = 294.4. 

CAS — 848-21-5. 

Adverse Effects and Precautions 

As for the progestogens in general, p. 1386. 

Uses and Administration 

Norgestrienone is a progestogen with actions and uses 
similar to those of the progestogens in general (sec p.l386). 
It is used as the progestogenic component of some combined 
oral contraceptives and is also used as a progestogen-only 
type of oral contraceptive (see p.l391). 
Proprietary Names and Manufacturers 
Ogyline (Roussel, Fr.). 

The following names have been used for multi-ingredient 
preparations containing norgestrienone — Planer {Rous- 
sel. Fr). 

9082- 1 

Normethandrone 

Mcthytestrenolonc; Methylnortestosterone; Normethan- 
drolone. 17j3-Hydroxy-l7a-methylcstr-4-en-3-one. 
C,9H2a02 = 288.4. 
CAS — 514-61-4. 

Normethandrone has progestogenic properties (sec 
p. 1 386) and has been given by mouth in doses of 5 mg 
daily. 

Proprietary Names and Manufacturers 

Orga-Steron (Organon. Belg.; Organon. Neth.). 

9083- y 

Oestradiol (BAN). 

Beta-oestradiol; Dihydrofolliculine; Dihydrothee- - 
tin; Dihydroxyoestrin; Estradiol (USAN. rINN). <— 
Estra- 1,3,5(1 0)-triene-3, 1 7j3-diol . 
Ci8H2402=272.4. 

CAS — 50-28-2. o ^ . . 

Pharmacopoeias. In Aust., Fr.. Mex., Span., Turk., and 
U.S. 

White or creamy-white, odourless, hygroscopic 
crystals or crystalline powder. Practically insol- < — 
uble in water; soluble 1 in 28 of alcohol, 1' in 435 
of chloroform, and 1 in 150 of ether; soluble in 
acetone, dioxan, and solutions of fixed alkali 
hydroxides; sparingly soluble in vegetable oils. 
Store in airtight containers. Protect from light. 

9084- j 

Oestradiol Benzoate (BANM). 

Beta-estradiol Benzoate; Dihydroxyoestrin Mono- 
benzoate; Estradiol Benzoate (rINN); Estradiol! 
Benzoas. Estra-I,3,5(I0)-triene-3,l7Mio! 3-benz- 
oate. 

C25H2803 = 376.5. 
CAS — 50-50-0. 

Pharmacopoeias, In Arg.. Aust.. Belg.. Br., Braz.. Chin.. 
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Swiss, and Turk. Also in B.P. Vet. 
Colourless crystals or a white or almost white 
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COMPUDOSE® is a polymeric controlled release device designed for the continuous delivery o^ 
estradiol' 17 a naturally occurring estrogenic hormone. The estrogen provided by COMPUDOSE® 
when implanted subcutaneously in the ear improves growth rate and feed efficiency in beef cattle. 
In vitro estradiol release studies were done to verify m^Ltrix diffusion-controlled estradiol release. 
The in vitro data compared favorably to in vivo estradiol release determined either by implant 
weight loss or from drug depletion zone measurements. An in vitro -in vivo correlation of L17 
was determined. These studies demonstrated that the estradiol release from both the COMPU- 
DOSE® 200 and COMPUDOSE® 400 products was identical for 270 days in vitro and 308 days in 
vivo. 



INTRODUCTION 

COMPUDOSE® is a polymeric controlled re- 
lease implant for the controlled delivery of es- 
tradiol to improve both growth rate and feed 
efficiency in beef cattle [1,2]. Since the early 
1950s, compressed tablet implants containing 
estrogenic anabolics have been used to improve 
rate of gain and feed conversion in beef cattle 
for 2-3-month periods. However, because of the 
controlled release properties inherent in COM- 
PUDOSE®, efficacy from the use of this con- 
trolled release implant is improved beyond 
approximately 84 to 100 days post-implanta- 
tion when compared to compressed tablet im- 
plants [1]. Reimplantation of compressed 
tablets at approximately seventy days yields 
similar rate of gains and feed efficiencies to a 
single COMPUDOSE® implantation [1 ] . Thus, by 

♦Paper presented at the 14th International Symposium on 
Controlled Release of Bioactive Materials, August 2-5, 1987, 
Toronto. Ontario, Canada. 

**To whom correspondence should be addressed. 



using COMPUDOSE® implants one does not re- 
quire a reimplantation program to achieve 
maximum anabolic response over 50 to 200 days. 

In this paper we review the COMPUDOSE® im- 
plant properties and present the in vitro and in 
vivo estradiol release data generated to estab- 
lish the mechanism of controlled estradiol re- 
lease. An in vitro-in vivo correlation using these 
data will also be determined- 



MATERIALS AND METHODS 
Theory 

The general mathematical model (matrix- 
boundary diffusion layer) describing the re- 
lease of drug which is homogeneously dispersed 
as discrete crystals or solid particles in a matrix 
has been presented previously [3-7]. This 
model is based upon Pick's first law of diffusion 
and the assumptions in the derivations include: 
(a) diffusion, not dissolution, is the primary 
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Implant Dimensions 



Surface Area = 4.84 sq. cm 



-3.0cm (l.lSin.)- 




250 microns 



^iLratSXln^o?^^^^^^^ « -"^r core rod diameter and 



TABLE 1 



Estradiol controlled release im plant nominal dimensions and values 

COMPUDOSE® 200 COMPUDOSE* 400 



Implant diameter 4.76 mm 

Implant length 3.0 cm 

Implant weight 625 mg 

Drug content 24 mg 

Core rod diameter 4.19 mm 

Core rod density 1.18 g/cm ' 

Coating drug content 200mg/g 

Coating density 1 . 13 g/cm^ 



4.76 mm 
3.0 cm 
620 mg 
45 mg 
3.76 mm 
1.18g/cm=' 
200 mg/g 
1.13 g/cm-» 



mode of drug release, (b) the drug diffusion 
coefficient is constant irrespective of both the 
distance traveled within the matrix and the dif- 
ference in concentration, (c) the diffitsional 
process occurs through the matrix phase, not 
through pores or channels within the matrix, 
(d) the drug loading, A, is much greater than 



the drug's solubility in the matrix, C^, and (e) 
a pseudo-steady state exists. 

For a cylindrical device, the cumulative 
amount of drug, Q, released from the drug de- 
pletion zone is defined by [3] 



(1) 



where: Q = amount of drug released (mg), 
h — height of cylinder ( cm ) , A = concentration 
of drug in matrix (mg/cm^), ao = outside radius 
of cylinder (cm), and = distance from center 
of cylinder to receding crystalline drug deple- 
tion boundary (cm). 

The time-dependent change in the drug de- 
pletion zone can be expressed as [3 ] 



2 Co 



i(a§-af)- 



2KD,ao 



(2) 



T and a 
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Fig. 2. In oitro estradiol release from COMPUDOSE® implants. 
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where: De = effective diffusion coefficient in the 
matrix (cm^/s), /ia=hydrodynamic boundary 
layer (cm), K= partition coefficient {CJCJ, 
Ca=: aqueous solubility (mg/cm^), 0^= matrix 
solubility (mg/cm^), Da = diffusion coefficient 
in aqueous phase (cm^/s), and f = time (s). 

For a matrix diffusion-controlled process, i,e,, 
if the partition coefficient K is large and/or if 
the hydrodynamic boundary layer is small, 
or if the thickness of the drug depletion zone 
- aj ) after a finite time becomes sufficiently 
large, then eqn. (2) reduces to [3] 



-f In— +i (ag-af)^ 
2 Oq ^ 



(3) 



mensional diffusion from a plane surface is a 
good approximation for up to 50% of the drug 
released from a cylinder [4 ] . Since the estradiol 
in COMPUDOSE® is located in a peripheral coat- 
ing of the implant cylinder representing not 
more than 38% of the total volume of the cyl- 
inder, then the release of estradiol from COM- 
PUDOSE® implants can be adequately modeled 
using the expressions predicting drug release 
from a plane [4] 



(4) 



However, it has been suggested that one-di- 



where: Q' = amount of drug released/unit sur- 
face area (mg/cm^). 

The drug depletion zone time dependency can 
then be expressed as 



(2) 
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20- 




Fig. 3. In vivo estradiol release from COMPUDOSE® implants. 



«o-a,-/^(^^-^j (5) 

Equations (4) and (5) indicate that, after a 
finite time, the matrix diffusion-controlled pro- 
cess becomes the predominant mechanism of 
drug release. The cumulative amount of drug 
release, Q', from a unit surface area becomes 
directly proportional to the square root of time 



EXPERrMENTAL 

The COMPUDOSE® implant is made in a con- 
tinuous process by coating a nonmedicated sil- 
icone rubber core with a thin layer of silicone 
rubber (MDX-4'4210 Clean Grade Elastomer, 
Dow Corning) which contains micronized crys- 



talline estradiol-17)ff, USP. A laser photo-optic 
system monitors the diameter of the coated 
product prior to curing in a heated tower. The 
cured continuous strand of coated silicone rub- 
ber is then cut into 3-cm lengths by an auto- 
mated cutter that rejects those implants that 
are outside preset product diameter limits. The 
dimensions of the controlled release implant are 
monitored so that the curved surface area for 
estradiol release is between the limits of 4.30 
and 4.80 cm^. Dependent upon the medicated 
coating thickness, the controlled release im- 
plant will release estradiol for a minimum of 
either 200 days ( COMPUDOSE® 200) or 400 days 
(COMPUDOSE® 400). A schematic drawing and 
nominal implant dimensions and specifications 
are shown in Fig. 1 and Table 1, respectively. 

Prior to packaging, production implants are 
coated with a small quantity of oxytetracycline 
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Days 

Fig. 4, Estradiol depletion zone in COMPUDOSE® implants retrieved from the ears 



of steers. 



HCl, USP, to decrease infection at the site of 
implantation and aid implant retention [8]. 
Because of the high aqueous solubility of the 
oxytetracycline HCl, the antibacterial dis- 
solves rapidly and does not impede estradiol re- 
lease from the implant. 

Both the 200- and 400-day products were 
evaluated in the in vitro and in vivo studies. For 
the in vitro studies, twenty-four implants se- 
lected from eight COMPUDOSE® 200 production 
lots and twelve implants selected from four 
COMPUDOSE® 400 production lots were evalu- 
ated for estradiol release. Each implant was 
placed into closed glass containers with 100 ml 
of an aqueous solution of 0.5% sodium dodecyl 
sulfate (SDS) and stored at 39 ""C in a shaker 
bath operating at approximately 120 rpm. The 
solubility of estradiol in the SDS solution was 
determined to be approximately 136 fig/ml The 



SDS solution was chosen because sink condi- 
tions could be maintained. The total SDS elu- 
tion medium was changed periodically to 
maintain sink conditions and assayed for estra- 
diol content spectrophotometrically (280 nm). 
The cumulative mass of estradiol released at 
each assay period was calculated for each im- 
plant. These studies continued for approxi- 
mately 270 days. 

For the in vivo studies, numerous implants 
selected from approximately sixteen COMPU- 
DOSE® 200 and COMPUDOSE® 400 production 
lots were implanted subcutaneously into the 
ears of cattle for up to 308 days. Placebo (non- 
medicated) silicone rubber implants of the same 
dimensions were also implanted subcutane- 
ously in the ears of steers. Prior to implanta- 
tion, individual implants were identified and 
weighed. Individual implants were removed 
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TABLE 2 



Summary of depletion zone measurements and calculated 
mass of estradiol release using eqn. ( 1 ) 



Days 

implanted 


Zone of 

depletion (/xm)* 


Calculated estradiol 
released (mg)^ 


10 


7 


0.71 


14 


15, 17" 


1.53, 1.73*= 


28 


28, 45 


2.85, 4.58 


56 


50 


5.09 


82 


60 


6.10 


112 


60 


6.10 


139 


76 


7.73 


140 


90 


9.15 


200 


115 


11.70 


203 


114 


11.59 


253 


120 


12.20 



^Values given represent means of eight separate measure- 
ments taken per implant per time period. 
^Values were calculated using eqn. (1) assuming A =226 
mg/cm^,/i = 3 cm and Oq = 2.38 mm. 

''More than one depletion zone measurement was made on 
implants from more than one lot of COMPUDOSE® at 14 and 
28 days. The variation in the numbers reported point to 
the inherent difficulty in accurately determining depletion 
zones at the microscopic level. 

from the ears after predetermined times had 
elapsed, rinsed in distilled water, dried to a con- 
stant weight in a vacuum oven and then 
weighed. The estradiol released in vivo was de- 
termined by the difference between the initial 
and final implant weights corrected for placebo 
implant weight differences. Previous studies 
had documented that implant weight loss was 
predictive of estradiol release [9]. 

The in vitro and in vivo data were tested for 
conformance to eqn. (4) by means of SAS 
PROC GLM (SAS Release 82.2 Statistical 
Analysis System, SAS Institute, Gary, North 
Carolina). 

Selected implants from the in vivo studies 
were further characterized for their drug deple- 
tion zone. As estradiol diffuses from the matrix, 
reasonably well-defined depletion zones of 
crystalline estradiol develop. At longer release 
times larger zones develop. Vacuum-dried im- 
plants were cross-sectioned and sputter-coated 



with gold-palladium. The zones of depletion 
were measured directly by scanning electron ''^ ^• 
microscopy (Philips 501 -B Scanning Electron '^^f 
Microscope, Mahwah, NJ). These data were j 
tested for conformance to eqn. (5). In addition, S/: 
an estimate of the cumulative mass of estradiol ■ i 
release was obtained using eqn. (1). This can I. 
be done assuming the drug loading, A, is much ' 
greater than the drug solubility in the silicone 
rubber matrix, C^. 



RESULTS 

Figure 2 shows the cumulative in vitro estra- 
diol, release as a function of the square root of 
time from compudose® 200 and 400 implants 
into the 0.5% SDS elution medium at 39 ^C. 
Each data point represents the mean of three 
implants per lot. Linear regression lines are 
shown for both the 200- and 400-day products. 

Figure 3 shows the cumulative in vivo estra- 
diol release as a function of the square root of 
time for both COMPUDOSE® 200 and 400 im- 
plants. Each data point represents the mean of 
between 2 and 60 implants. Linear regression 
lines are shown for both the 200- and 400-day 
products. 

Data from the drug depletion zone measure- 
ment are shown in Fig. 4. A linear regression 
line has been fitted to the depletion zone versus 
£'^^ data in Fig. 4. Utilizing eqn. (1), the cu- 
mulative estradiol mass released was calculated 
based upon the depletion zone measurements. 
A summary of the drug depletion zone studies 
is shown in Table 2. An example of drug deple- 
tion zones at various times is illustrated in Fig. 



DISCUSSION 

The in vitro data in Fig. 2 and statistical 
analysis support the matrix diffusion-con- 
trolled process for estradiol release from com- 
pudose® implants, thus conforming to the 
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Pig. 5. Scanning electron photomicrographs of cross-sections of COMPUDOSE® implants showing drug depletion zones after 
implantation in the ears of steers: (a ) 1 day, magnification = 700 X , scale bar = 10 ^m; (b ) 28 days, magnification = 350 X , 
scale bar =10 fixn; (c) 139 days, magnification =350 X, scale bar =10 fjxn; (d) 253 days, magnification =350x, scale bar 
= 10 jam. 
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predictive model described by eqn. (4). How- 
ever, the slope and intercept parameters of the 
hnear regression lines were statistically differ- 
ent for the 200- and 400-day products. The 
regression lines for the two products were: 
COMPUDOSE® 200 Q=1.241t*''2_2 
COMPUDOSE® 400 Q=1.537i'/2_3 

Equation (4) predicts that COMPUDOSE® 400 
implants would have a higher estradiol release 
rate compared to compudose® 200 implants. 
This is due to the approximately 1.2% greater 
implant surface area for estradiol release on the 
cut ends of the compudose® 400 implants 
However, measured differences in estradiol re- 
lease from the two implant types can rarely be 
expected to be recognized in view of the implant 
production specification limits and experimen- 
tal variables. Back-diffusion of estradiol into the 
nonmedicated silicone rubber core would result 
in an equilibrium concentration of approxi- 
mately 0.004 mg/cm=» [10] or a total of 0.0006 
mg and 0.0004 mg for compudose® 200 and 
compudose® 400 implants, respectively. The 
contribution to the total estradiol release rate 
due to back-diffusion of estradiol is insignifi- 
cant and could not account for any observed 
differences in estradiol release rates between 
compudose® 200 and 400 implants. Thus for 
unknown reasons one of the four COMPUDOSE® 
400 lots showed higher estradiol release at long 
time periods, contributing to the increased slope 
of the m vitro regression line for the 400 day 
product. Although the differences in the two 
regression lines for the two products were sta- 
tistically significant, there is a question as to 
whether these differences were real. Accord- 
ingly, a single Unear regression line describing 
both the 200- and 400-day products in vitro was 
generated: 

Q=1.236ti^2_2.i54 

Note that in Fig. 2 the Q versus early t ^'^ data 
are nonhnear. If the estradiol release was solely 
a matrix diffusion-controlled process, then the 
Q versus early t ''^ data in Fig. 2 would be linear 



However, this is not the case and the general 
ized model for matrix-boundary diffusion layer 
controlled release exists in which the drug de 
pletion zone is so small (partition -controlled 
release) that a Q versus t relationship is ob^ 
served [4]. Equations (1) and (2) predict the 
presence of this nonlinear Q versus t^'^ region 
the extent of which is governed by the mini-' 
tude of various physicochemical constants [4 1 
At later times (after approximately 6 days) the 
predominate process for estradiol release is ma- 
trix diffusion controlled. 

The in vivo data in Fig. 3 and statistical anal- 
ysis again support the matrix diffusion-con- 
trolled process for estradiol release from 
COMPUDOSE® implants, thus conforming to the 
theoretical model described by eqn. (4) The 
regression lines for the two products were: 

COMPUDOSE® 200 Q=1.04«*''2_0.26 
COMPUDOSE® 400 Q= 1.07t i/^- 1,35 

Statistical analysis of the slope parameters of 
the linear regression lines for both the 200- and 
400-day products showed no statistical differ- 
ence. The analysis indicated that the use of a 
common slope for both compudose® 200 and 
COMPUDOSE® 400 was justified, therefore: 
Q=1.06t^^2-L26 

The linear relationship between the crystal- 
line estradiol depletion zone and t^^' as pre- 
dicted by eqn. (5) was well established in Fig. 
4. rhe equation for the regression Kne was /= 8.6 
t - 14.8. When the estradiol released was cal- 
culated using eqn. (1) in Table 2, we noted that 
the values were less than those experimentally 
derived m vivo. Because of the inherent prob- 
lems accurately determining zones of depletion 
at the microscopic level this phenomenon is to 
be expected. As shown in Fig. 5. the zones of 
depletion are not always well defined and the 
extent of the depletion zone can be easily 
underestimated. Nonetheless, a regression line 
was generated for the calculated estradiol re- 
lease data in Table 2, and: 
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P.-:table3 

Experimentally derived estradiol release rates 



!n vitro 



In vioo 



Implant weight 
loss 



Depletion 
zone 



265 



220 



180 



Table 3 shows the estradiol release rates gen- 
erated in the in vitrOy in vivo and depletion zone 
studies and normalized for a nominal surface 
area of 4.84 cm^. The estradiol release rates ob- 
tained were in surprising agreement. Utilizing 
the in vivo implant weight loss data, an in uitro- 
in vivo correlation can be defined as {Q' /t^^^) 
in vitro/ iQ' /t^^^) in vivo — lAl. Therefore, one 
day in the in vitro test system represented ap- 
proximately 1.4 days in vivo. The fact that the 
correlation factor is so close to unity is remark- 
able and indicates that the in vitro test system 
was a good model for the prediction of in vivo 
subcutaneous estradiol release in the ear. 



CONCLUSIONS 

The release of estradiol from compudoSE® 
controlled release implants was found to be 
predominately matrix diffusion controlled both 
in vitro and when implanted subcutaneously in 
ears of cattle. A linear Q' versus t^^^ relation- 
ship was observed. At early time periods of 6 
days or less, however, the in vitro data sup- 
ported the matrix -boundary diffusion layer 
model as described by eqns. ( 1 ) . ( 2 ) and others 
[3,4,6 ] . Estradiol release rate comparisons from 
both COMPUDOSE® 200 and compudose® 400 
implants in the in vitro test system and in vivo 
were made. The estradiol release rate from both 
products was identical. This conclusion should 
have been expected as the coating estradiol 
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concentrations for both products were the same, 
the total estradiol content changed by varying 
the thickness of the coating layer. Thus, estra- 
diol release from both compudose® 200 and 
400 implants would be expected to be compa- 
rable until the COMPUDOSE® 200 implants were 
depleted. Measurement of the drug depletion 
zones by scanning electron microscopy of re- 
trieved implants from the ears of cattle indi- 
cated that a linear drug depletion zone thickness 
versus t^^^ relationship existed, as predicted by 
eqn. (5). Experimentally derived estradiol re- 
lease rates from the in vitro and in vivo release 
studies and the calculated estradiol release rate 
from the drug depletion zone study agreed with 
each other. The in vitro-in vivo correlation was 
determined as 1.17, demonstrating that the in 
vitro test system was a good model for predict- 
ing in vivo subcutaneous release of estradiol in 
the ear. 
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